AO-A099  076  FOREIGN  TECHNOLOGY  DIV  WRIGHT-PATTERSON  AFB  OH  F/G  9/2 

STORAGE  OF  INTEGRATED  INFORMATION  BY  USE  OF  RANDOM  PHASE  SHIFT  — ETCIUl 
JAN  61  L  GUO*  Z  CHEN*  Y  ZHONG*  K  ZHOU 

UNCLASSIFIED  FTD-ID (RS> T-1904-B0  NL 


0  o 

l  em-pc  i  jC.  hc/^ 

Li  /  y 


FTD  — il> 


k-*^  k  N  fctj  .  ft  £•*  <i  l*  W  «.u)  Lm  4**1  ft  Q  V-*?  Q 


/H  FTD”  ID  ( Kc  )  7- 1 5/S  ;i  -  3  O'  19  JununPj  "10 

MICROFICHE  I'W:  FTP-SI  -C-00031A 

(U  storage  of  j.:jt;:gratfd  ^formation  by  use  of 

*  jtAMDOrl  PHASif  yiilFT  KQUI^P'.-iEMT^ 


ijyu-yc:.t,.  Si.cn  /..uen-pei,  Znonf  Yoi\;-b 
Zhou  Run 


f  v~~^‘  -  :  ^ 

SaaffHM  Some  Optical  Data  Processing  Work  at 
Sichuan  University,  Hr.  5,  i960,  rp  • 

r  ?  C*.  1  r,5"  iY  — — -*  J~  f  & 

Country  of  crigln-r  -China  / 

Tran  si  a  t  e  d  b  v  :  SUIT  R  A  A 

F  3  j6  5  7 - 7  8- D- 0  6 ] 5 
Requester :  FTP/TQTA 

Approved  Tor  public  release;  distribution 
unlimited . 


THIS  TRAMS!  ATOM  IS  A  RENDITION  Of  THE  ORIGI¬ 
NAL  FOREIGN  TEXT  WITHOUT  ANY  ANALYTICAL  OR 
EDITORIAL  COMMENT.  STATEMENTS  OR  THFCfUES 

PREPARED  BY: 

ADVOCATED  OR  Iv.i'L  IE  D  ARE  THOSE  OF  THE  SOURCE 
ANDDO  NOT  NECESSARILY  REELECT  THE  POSITION 

translation  division 

or  opinion  c.r  the  foreign  technology  r>i. 

FOREIGN  TECHNOLOGY  DIVISION 

VISION. 

WP.AI'O.  OHIO. 

FTD  -IDiKS  Vj>--'  eoA-80 


Date  in  Jan  1(>  8l 


L  H  O 


BTOKAC 


•;  cv 

HAIihOM 


KOlmTi.l)  1  h  FORMAT  KT!  by  tin-:  of 
Pi FHTFT  KQU I iMKMT 


.Si  Chu.-.n  I’m i  vorr.  i  t.v  Physics  Dept. 

Guo  lyu-yony  Chen  Zhon-pei  /'hour.  Yonr,-'ri  Zhou  Kun 

o- if-; 


Re  sea  re h  into  the  storn-y?  of  larr.o  amounts  of  hit~h  density, 
int orr-afod  diy.ii, a  i  ami  ana  lor.  laser  information  is,  at  present,, 
a  rclati  v*.  1  I  v «  !y  fie  lu  of  invest  l,;e.t.l  on .  This  research  is  . 

int. Ip.',’,  >  1  y  conta  ct. •  a  wi  i  h  i  he  modern!  nation  of  sverar.o  and 
retrei  Vi  i  of  the  i  n  format,  i  on  and  data  in  various  disciplines, 
and  the  h.hvi  i  .•  :vo  iv’nr,  a  hiph  dopree  of  interest  and  res¬ 
pect  free  my  e-  out,  .  t  m  •  i  ia  1  ly ,  people  employ  a  Fourier  intey- 

r.ated  '  if'r.rr  ■  c-v  •  j  *  -  .  -r-PM  or  the  pfo’-ayo  vohl  el*  for  integrated 
informal  i  cn ;  this  nr.aci.ice  has  the  advantages  listed  be  1  ow : 

(1)  i\  r.  far  as  tin-  st  .  •i'.a,-.e  .and  retrieval  of  larr.o  amounts 
of  hi ;  ;h  G.-ns  !  1  y  i  n  forma  t  i  en  is  concerned  ,  this  type  of  storage 
rxliil'ii  ;■  t  is.  •  foil  •v.’hii  five  practical  characteri  r.ti  cs  :  hiy.h 
durnt  i  1  i  ‘  y  ,  hi  *h  refract  i  ve  efficiency ,  hir.h  sir.nal  to  static 
ratio,  hi  yh  res.  I  n  ini,  and  yoo d  hriyhtnoss  fidelity. 

(;’ )  Ft. or.::  e  and  retrieval  eq  .ipuonl  is  simple;  si.  ora  re  and 
ret  ri>-va  1  Is.  fast  ar.d  convenient,  and  ,  with  1  nt  eyra  tod  informa¬ 
tion  rd  o'---  ,-f.  .  i  • ,  1  lie  ••  p  i. >  ■  t,  i  t  ;e  s  s.  of  Informal  ion  which  is 

stored  and  r<  •  t.  r  i  .  •  v .  d  noes-  not  suffer-  from  any  perceptible  influ¬ 
ence  ly  such  pro!- less  as  scratches,  dust,  etc. 

(  •; )  V'oi -.)-••  St.  or  ay.*  offers  a  capability  for  repeated  re¬ 
st  or-ar;  •  ar'  va  i  eus  Pinas,  of  i  rit'oM'.at  ion. 

(  (l )  ter  a'  ii).-  a.  ca  1  1  ab  i  torhnel oyv  for  renann  fact  uri  ny 
lilt  err  t  .  ,|  lif.-t  i  at  plates  makes  such  remain  fact,  ure  easy, 
c I’.c . : P  an  !  face  . 
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The  advantn.ro:-  above  cannot  be  compared  to  microstorage . 

In  construction  Fourier  integrated  Information  diagrams, 
the  following  method  is  used.  On  a  Fourier  frequency  spectrum, 
different  objects  normally  give  out  different  information  waves 
and  present  different  frequency  spectrum  dirtril  .si Ions;  they 
normally  also  give  out.  a  set  of  periodic  frequency  spectrum 
distributions  -  that  is  to  say,  on  an  integrated  information 
diagram,  areas  where  light  Is  concentrated  form  sharp,  bright 
lines.  By  the  same  token,  areas  where  light  is  very  weak  appear 
dark.  This  makes  the  light  and  dark  areas  unable  to  be  used 
within  the  linear  areas  in  which  the  emulsifier  works.  Bright 
lines  cause  the  emulsifier-  to  reach  saturation,  and,  conversely, 
the  dark  areas  are  unable  to  effectively  make  use  of  the  emulsi¬ 
fier.  This  causes  the  durability,  refractive  efficiency  and 
fidelity  (grey  tone  level)  of  the  information  which  is  recorded 
to  drop  greatly.  Initially  (1)  dispersed  focusing  was  used  to 
correct  the  problems  discussed  above,  the  surface  being  recorded 
was  taken  a  section  at  a  time  and  an  accurate  Fourier  conversion 
was  made  on  the  corresponding  area  of  the  integrated  information 
diagram  being  used  for  the  recording  -  that  is  to  say,  a  process 
of  discrete  focusing  was  used.  At  the  present  time,  the  fre¬ 
quency  spectrum  strength  which  causes  recording  to  take  place  on 
the  surface  of  the  integrated  information  diagram  has  become 
relatively  oven.  However,  the  fact  that  the  distance  between 
discrete  focusing:.?  must  be  chosen  on  the  basis  of  the  different 
Information  signals  received  from  different  kinds  of  materials, 
and  that  tills  distance  must  be  arrived  at  experimentally,  creates 
prob j > ms  with  1  he  practical  application  of  this  type  of  techni- 
quo.  A-ldit.lona  lly.  when  the  area  of  the  integrated  information 
diagram  is  i  uc  r  -d  .  the  us*'  of  discrete  focusing  causes  the 

durability  of  t. he  i  n’k  rma t  1  oi i  to  decrease  .  _ _ 

In  order  to  overcome  t  la  problems  discussed  above,  we 
employed  a  rand  am  phase  shin  moi.hou  with  a  hand-sampling  net  ode3 
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structure  in  order  to  accomplish  the  storage  of  large  amounts 
of  high  den  r-i  ty  information .  (2)  The  cl  20  of  the  storage  area 

was  set  by  the  limits  imposed  by  diffraction;  within  this  area, 
the  enerp.y  from  the  i’ourier  transformation  of  frequency  spectra 
for  various  types  of  informal. ion  can  achieve  an  even  distribution. 
Because  of  this,  it  is  possible  to  use  them  within  the  special 
curvilinear  emulsifier  areas  in  the  linear  functioning  areas  of 
the  emulsifiers.  Because  of  this,  it  is  possible  to  utilize 
the  entire  emulsifier  area  and  reach  or  exceed  the  requirements 
for  high  density,  high  diffraction  efficiency  ,  high  resolution 
capability  and  high  light  level  fidelity.  During  the  use  of 
random  phase  shift  equipment,  we  used  methods  of  manufacture 
which  were  easy  and  cheap,  and  we  achieved  results  in  the  stor¬ 
age  and  retrieval  of  various  types  of  information  by  the  use  of 
random  phase  shift  gear.  We  also  offer  for  consideration  a  use¬ 
ful  method  for*  the  simultaneous  storage  and  retrieval  of  digital 
and  analog  information  through  integrated  information  storage. 


The  light  path  involved  in  the  use  of  random  phase  shift 
gear  in  Integrated  information  is  shown  in  the  diagram  in  Pig.  1. 
This  method  utilizes  a  lens  close  to  the  surface  of  the  piece 
of  information  to  be  recorded,  and,  by  the  use  of  this  lens 
arrangement,  a  Fourier  transformation  integrated  information 
diagram  is  made.  Light  waves  from  the  random  phase  shift  equip¬ 
ment  used  in  conjunction  with  the  band  sampling  grid  net  2 
which  is  in  close  contact  with  the  information  surface  to  be 
recorded  pass  through  a  Fourier  transformation  lens.  After 
this,  they  are  divided  up  by  grid-structured ,  random  phase 
shift  equipment  into  many  lines  of  informational  light  units 
based  on  the  random  phase  shift  detected  in  each  unit.  After 
this,  ?.  Fourier  transformation  surface  (integrated  information 
surface)  can  be  formed  by  putting  all  those  bands  of  light  units 
together . 
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On  a  Fourier  transform  Kurfaf’c,  the  roosci  1  lation  range 
of  Hi  lit  A  (A),  can  lie  (inner?  bed  using  the  equation  below  [2]: 

A(l)'A‘r  [  i;  F  T  (  x  -  a  )l !(«,. ..  )ixp  (  ^.m  )‘*P  fi  (  2n,  ?  "  )]<J  x  . (1) 

■  m  ---  1  n  -  1  L  '  ' 

In  this  equation  -j  - (  x  }  _  / 1.  v;:r'm  I  *  “  a  **••*  f  2  " 

(o.  (under  any  conditions) 


x  in  the  coordinate  vector  of  the  information  surface;  i. 
is  the  coordinate  vector  of  the  integrated  information  diagram 
surface  (that  is,  the  Fourier  surface) ;  "a  is  the  coordinate 
vector  for  the  center  of  the  m  and  nth  g,rid  units  selected. 

1„_  is  the  side--lcnr.tr,  of  the  selected  ft  rid  square;  <v  is  the 
random  unit  phase  value  of  the  m  and  nth  grid  units.  M  and  N 
are  the  horizontal  and  vertical,  coordinate  numbers  taken  from 
the  sampling  grid;  f  is  the  focal  length  of  the  lens;  X  is  the 
wavelength  of  the  light;  Or  is  a  unitizing  factor.  Hmn(arnn) 
is  the  difference  between  unitized  brightness  and  the  grey  tone 
levels  and  uses  1!^,  to  represent  K  of  them,  then,  it  is 

possible  to  raise  them  t.o  an  undesignated  integral.  Because  of 
this,  the  equation  above  can  be  rewritten  as: 

_  1  ,  M  N  _  r  nvi  i  _ 

A(  i  )  Or  >:  II ,  1  >:  >i  T(  X  -  n  ,,  )cxp(<|-,;ll  )<  \p  -  i  ^  d  \  .  (  2  ) 

k  -  1  in  "  1  n  -  l  L  (A  J 

The  strength  level  or.  the  Fourier  transformation  surface, 
1(P),  is  the  product  of  A  ( 7,  ■  and  its  own  complex  conjugate : 

I  (  V  )  =  a  ii  )  a*  (  u 
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Pic.  i 

hi  Path  Pi  a  gran  for  Integrated  In  format  ion  Storage 
r.dor,  Pi stribul i on  of  Phase  Shift  Hear  (h )  Sampling 
)  Ann  I  og  I  n  form  at.  .1  on 


KA)  (  b  ) 

Pig.  2 

:••'•] --v 1 1  Distribution  Diagram  for  Grid  Network  Frequency 
'•••hie!:  Have  Not  farm'd  Through  the  Phase  Shift  Gear 
er.-t.h  i.'i  stri  tnh  1  on  Diagram  for  Go-id  Network  Frequency 
’•nle!)  iiave  Passed  Through  the  Phase  Shift  Gear. 

>’ ,'1  rd  ‘  i , ,  •  to  self-evident  physical  Iuvjs  f  3 1 »  one  can 
if  IP"  value  f  or  rooso  i  1 1  a  t  ion  range  light,  strengths, 
”•':••••  v..  Pie  of  the  Fourier  surface  1  i  gbt  distribution, 

'  :t  a  diiact,  ratio  to  the  value  of  the  Fourier  t.rans- 
■r  •  >'•••  n  t  li  d  1  st  i  I  but i  on  of  individual  information 
alls,  o:  i  the  1  n  format  i  on  surface.  Fig  2  (a)  gives  the 
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Fourier  frequency  spectrum  distribution  for  an  object  on  the 
nr  id  not,  but  which  lots  not  passed  through  the  phase  shift 
gear .  This  portion  of  the  figure  presents  a  distribution  with 
clear  periodic  structure.  Fir;.  2  (b)  shows  the  even  distri¬ 
bution  of  the  Fourier  frequency  spectrin;:  for  the  same  object 
once  it  has  passed  through  the  phase  shift  equipment. .  From 
this  second  illustration,  it  can  be  clearly  seen  that  the  sharp 
periodic  peaks  have  disappeared. 

THREE 


Using  the  light  path  diagram  in  Fig.  1,  it  is  possible  to 
form  the  high  density  Fourier  integrated  information  diagram 
for  analog  information.  In  tests,  the  unit  area  for  the  ran¬ 
dom  phase  shift  equipment  was  a  small  square  hole  32m  on  a 
side.  The  distance  from  unit  to  unit  was  J-!0u,  and  the  units 
wore  arranged  in  a  matrix  format.  Fig.  3  shows  a  diagram  of 
the  random  phase  shift  surface.  The  differences  between  the 
phase  position  values  of  each  of  the  various  units  were  0  and 
ir  +  0 ;  the  random  distribution  values  for  the  various  units 
(phase)  can  be  calculated  by  the  use  of  computers  if  one  uses 
the  Hon to -Carl o  method. 


I 

3 
3 

j 

Fig..  3 

Random  Phase  Shift  Equipment  Surface  Diagram. 

The  phase  value  for  each  unit  is  obtained  either  through 
a  technique  it 'ploying  a  photographic  emulsifier  and  calcium 
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hpoehlorttc  or  throa,  ii  a  ciro  overdue  l.itnl  of  phot,  notching 

toehn i  quo  .  One  need  only  expor  l  r:!*  •  ri  t.  .•  i  1  ly  font  roi  the  difference 

between  the  optical  t  -  ’■  i :  ckne  ya  of  whitened  unit:',  and  non- 

) 

whitened  units  so  that,  it  is  2; ,  and  one  can  create  the  required 
phase  equipment.  As  far  as  the  omuls! fi or  and  calcium  hypo¬ 
chlorite  are  concerned,  it  is  best  to  try  to  keep  the  level  of 
light  that  penetrates  to  them  and  is  absorbed  by  t  hmi  as  h-v; 
as  poss i Die. 

When  one  is  usinr,  the  sampling  net  and  the  random  phase 
shift  equipment,  it.  is  possible  to  arrange  them  on  the  stage 
of  a  microscope  or  a  phot ol ithogrnph  machine  in  such  a  way 
that  they  correspond  and  overlap  their  fields.  Or,  when  employ¬ 
ing  photoetebing  techniques ,  it  is  possible  to  plate  on  to  the 
top  of  the  random  phase  shift  /tear-  a  layer  of  metallic  alumi¬ 
num  which  forms  a  grid  net  and  which  corresponds  to  the  top  of 
that  equipment  and  colors  it.  In  this  way,  it  is  possible  to 
combine  the  random  phase  shift  equipment  and  the  or id  network 
into  one  unit. 

When  employing  lio-k’e  lasers  as  a  light  source,  the  power 
involved  is  3mw.  An  appropriate  light;  strength  ratio  os  selec¬ 
ted,  and  an  exposure  lime  of  3"  is  used .  The  image  is  devel¬ 
oped  using  P-19  developer  and  a  development  time  of  approxima¬ 
tely  2  sec;  the  information  plates  used  wore  Type  J  plates  of 
Chinese  manufacture.  As  far  as  the  problem  of  whitening  goes, 
bromine  vapor  can  be  used  to  carry  out  phase  interference 
v.’h  i  I  f  n  i  1 1  r; . 
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trn.it.  photograph.  Fig.  .'j  (a)  shows  that  the  storage  and 
1‘Ot.ni  ova  1  of  oharad  or  i  n  '‘or::  a  t !  on  v:a  c  a  siicces:; ;  the 

strokes  of  the  characters  in  the  diagram  a  re  clear,  and  act- 


ratio  of  a  verm  a*  si  anal  power  to  average  static  rower  was 
greater  than  f’O.  The  re:. reduction  of  the  resol utiori  1  eat 
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FOUR 

V.'hen  using  do  foe  uni  ho  methods  to  store  different  types  of 
information,  it;  in  necennn  ry  to  introduce  a  snu-t  1 1  distance 
between  the  infer:..-.  11  on  surface  and  the  Forr.1  or  transform  pre¬ 
cision  t-:ok--'of‘u;.;  surface  (also  cal  led  the  de foe using  di  stance 
Moreover,  by  choc. inf.  different  def  causing,  distance  values  on 
the  bar's  of  experimentation ,  it  is  possible  to  make  the  fre¬ 
quency  spectrum  distrihut  ion  of  the  distribution  on  the  integ¬ 
ral  ed  .1  n formal  1  on  pinto  surface  assume  an  even  brightness  dis- 
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Through  the  employment  of  the  random  phase  shift  oqu jp- 
ment  discussed  above,  we  achieved  relatively  p.eod  results  in 
the  density  of  the  j  n forma tl  on  stored .  On  the  Courier  surface 
the  size  of  the  i ntepratc-d  information  diagrams  also  deform!  no 
the  extent  of  the  diffraction  atrial  ion  pattern  which  is  pro¬ 
duced  in  units  of  information  when  they  pass  throuph  an  ideal 
optical  system;  this  area  must  be  kept  much  smaller  than  the 
area  of  inter, rated  information  diagrams  used  with  defocusinc 
met hods.  In  order  to  raise  the  density  of  stored  information , 
It  is  also  possible  to  employ  volume  integrated  information 
technology.  In  this  way,  it  is  possible  to  achieve  densities 
of  stored  Information  which  arc  much  '-renter  than  those  which 
can  be  achieved  by  the  use  of  any  kind  of  non-i nteprated 
1  n forma t.i  on  storape  equipment . 

As  far  as  the  random  phase  shift  pear  which  we  produced 
for  experimentation  poos,  the  tec hn judos  and  methods  for  its 
manufacture  were  relatively  simple,  lie  used  this  type  of 
equipment  to  handle  many  types  of  analog  information,  and  we 
have  already  achieved  relatively  pood  storage  results.  We 
hope  that  research  work  to  develop  integrated  informal!  on  stor¬ 
age  ns  well  as  the  work  of  pra dually  developing  practical 
in  tonrated  information  stor-ape  equipment  can  be  continued  in 
the  future. 
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Yonp-le  and  Xia  Jian-p.uo  who  figured  out.  the  stochastic  num¬ 
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,i  '  ii  and  others  who  provided  the  resolution  test  pattern  for 
us,  and  t  o  Comrades  Ye  Xne-hua ,  Li  Yu-bin,  Ihnnp  Chno-y.1  tip  and 
others  who  i-urtle  i rated  in  t  he  manufacture  of  component  part  s 
ef  t.hr  phase  shift  equipment  . 
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